The Guidelines Project, an initiative of the Brazilian Medical Association, aims to combine information from the medical field in order to standardize producers to assist the reasoning and decision-making of doctors. The information provided through this project must be assessed and criticized by the physician responsible for the conduct that will be adopted, depending on the conditions and the clinical status of each patient.
INTRODUCTION
Glioblastoma multiforme (GBM), the most common type of primary brain tumor in adults, is associated with a deeply unfavorable prognosis, with an estimated 5-year survival rate of only 10%. Several prognostic factors associated with GBM have been evaluated in the medical literature, among them the patient's age and clinical performance consistently appear as having a negative influence on survival 1 . The estimated average survival of GBM patients older than 75 years is 2.5 months 2 .
More than one-third of patients newly diagnosed with GBM have are over 65 years old. As the population ages, neurosurgeons face an increasing probability of having to manage patients with GBM in increasingly advanced ages. However, while studies conducted in populations younger than 65 years favor the degree of resection as one of the main factors of better prognosis 3. 4 , elderly patients are often excluded from clinical trials 5 ; therefore, data assessing the importance of the neurosurgical resection degree in this age group are still illusory.
Based on these considerations, the aim of this study was to evaluate the effect of surgical treatment in elderly patients with GBM.
RESULTS

Data Collection and Analysis
In the study by Hoffermann et al., the morbidity associated with neurosurgery was 19.3%. Permanent neurological deficits (defined by the authors as focal neurological deficits that interfere significantly in daily living activities) affected 12.1% of the cases in the study, while wound infections and healing problems affected 4% of them. As a whole, 3.2% of elderly patients with GBM treated with neurosurgery presented transitional medical complications (deep vein thrombosis, pulmonary embolism, pneumonia, or myocardial infarction) 6 (B).
In the study by Oszvald et al., the disease-free survival in elderly patients was of 7.5 months. There was no statistical difference between total and partial resection. However, in the comparison of surgery (with partial or total resection) versus biopsy, there was a significative difference (p<0.0027)(B).
The performance status of ECOG PS (Eastern Cooperative Oncology Group) (ECOG PS) in the series by Lombardi et al. was between 0-1 in 82% of the elderly patients who underwent neurosurgery, while Harris et al.reported a smaller percentage (64.7%) for the same ECOG PS group 8 (B) .
In the study by Ewelt et al., the authors speculated that the clinical condition at the presentation was more important to the overall survival of patients of that age (Karnofsky performance score [KPS]> 70, p <0.001; age <75 years, p = 0.224). For the analysis, our study considered only data consistent with the neurosurgical therapy alone. But in the three comparison groups of the study (Group A = surgery alone; Group B = surgery + chemotherapy and Group C = surgery + radiotherapy + chemotherapy), the longest survival was with complete surgery (resection of the tumor uptake area) 2 (B).
Gerstein et al.: The authors found that the KPS at the time of surgery in elderly patients with GBM, as well as the degree of surgical resection were the most important factor related to survival time 9 (B).
Pretanvil et al.: The authors reviewed the therapy used in elderly patients with GBM. This publica-tion included at least eight modalities of treatment, including types of neurosurgical resections (partial and total biopsy) and associations with chemotherapy and radiotherapy, evidencing the heterogeneity of therapy in elderly patients. When compared withyounger patients, the biopsy was more prevalent (38.3%) among those aged > 70 years (versus 24.9% in patients aged between 18-70 years). This treatment difference led to significantly lower survival in the group of elderly patients, considering the degree ofresection 10 (B).
Analysis of the combined results
The grouped analysis of the seven studies that assessed total and partial surgical resection included 473 and 513 patients, respectively, while the four studies that evaluated biopsy as a neurosurgical treatment included 90 patients.
Overall, the mean age of patients was 71.98 ± 4.40 years. The definition of "elderly patient" varied between the studies, but all reported results for patients over 60 years old. The mean survival (in months) of the group that underwent total resection was higher than that of the group that underwent partial resection, which, in turn, was greater than that of the group who underwent the biopsy (Figures 1, 2 , and 3).
Results according to tumor resection extent
The mean combined overall survival time (COS) was 13.13 months (95% CI 12.02-14.23 months) in patients in whom total resection was possible (Figu-re1), 7.52 months (95% CI 6.94-8.11 months) in those who underwent partial resection ( Figure 2 ), and 2.56 months (95% CI 2.02-3.06 months) in patients who underwent biopsy alone ( Figure 3 ).
The combined overall calculated survival heterogeneity (I2) of the for total resection, partial resection,and biopsy was 11.8, 84.8, and 78.8, respectively. Forest Plot analysis (Figures 1, 2 , and 3) showed that the results for the complete resection were more homogeneous than the other two possible resections.
Complications
Since surgery is not a definitive treatment for GBM, the complications associated with the therapy were often described for the treatment as a whole or as toxicity associated with radiotherapy and chemotherapy combined.
Ewelt et al. observed that almost 25% of the pa- tients had complications after surgery: 21 infections, ten leakages of cerebrospinal fluid (CSF), and seven complications associated with CFS circulation defects. The authors did not consider the adverse events to have significantly affected the survival or the postoperative KPS in the population as a whole, although these observations did show a tendency toward significance 2 (B). The same result was demonstrated in a single-center study by Bohman et al. including 382 patients; the authors found no significant differences in survival in patients with GBM and postoperative infections 11 (B). Harris et al. described the results of 108 patients; 35 were treated with the best supportive care, one received temozolomide (TMZ) alone, 40 received only radiotherapy, and 32 received radiotherapy and TMZ combined. Regarding the patients who received active treatment, 29 were hospitalized during the radio-therapy (38%), 22 were hospitalized due to declining functional status related to the disease and seven were hospitalized due to other active medical problems (including infection and comorbidities). None of the patients was admitted to the hospital due to toxicities related to the treatment 12 (B).
Lombardi et al. describe only toxicities associated with treatment. In relation to non-hematological toxicities, the authors observed six patients (2%) with grade 3-4 toxicity (two with asthenia, two with increased transaminases, one with nausea, and one with intestinal perforation). A total of 53 patients (22%) received reduced or delayed TMZ during the treatment due to toxicities related to the treatment; among them, 28% and 20% were patients who received radiotherapy with 40 Gy and 60 Gy, respectively, but no fatal toxicity associated with the therapy was observed 8 (B). The authors did not consider the neurolo-gical side effects and the dexamethasone dose during radiotherapy and observed grade 3-4 risk factors in 7% of all patients.
Hofferman et al. briefly described their resultsin relation to complications, pointing that the surgical mortality was 4.0% and the global morbidity was 19.3% 6 (B).
Oszvald et al. 7 (B) did not describe complications, while Gerstein et al. 9 (B) described toxicities related to therapy. Radiotherapy could be completed in just 59% of the patients. Hematological toxicity was found in 7% of the patients and non-hematologic toxicities in 14%. During radiotherapy, one patient had pneumonia, and four others had a progression of the disease and were not able to continue the treatment. Other nine patients presented cytopenia, two had pneumonia, three had rashes, and two showed high levels of transaminases. These were not surgical complications, but complications presented during the global treatment for GBM.
DISCUSSION
In general, the population is aging and the number of elderly patients with GBM is increasing. Studies show that up to 40% of patients with GBM are over 65 years old 7,8, 10 .
For patients over 65 years old and with high--grade gliomas, the negative outcomes associated with surgery have been regarded as a direct consequence of advanced age. The hypotheses proposed to explain these negative results include increased perioperative and postoperative comorbidities, due to age and comorbidities, and reduced tolerance to the therapeutic procedures. In addition, neurodegeneration, resistance to radiotherapy and chemotherapy, different histological types, and genetic mutations are also possible factors that could explain the reduced survival in this population. In several trials on cancer therapy, age is one of the exclusion criteria.
A question that remains is whether age, as an isolated factor, could have such a strong influence on the surgical outcome. The plethora of different treatments offered to patients with GBM makes it difficult to have an a priori analysis of the effect of the treatment in elderly patients. In addition, experience suggests that elderly patients with GBM are less tolerant of parallel treatments in comparison with younger patients. However, some authors sug-gest that elderly patients in good clinical conditions should receive treatment similar to that of younger patients 10,12, 13 .
The existing need to clarify the effect of surgical treatment in elderly patients with GBM was the reason for this analysis.
This review found seven studies that included 1,076 elderly patients with GBM. Of these, 473 were submitted to total resection, 513 underwent partial resection, and 90 were submitted to biopsy. Logically, the possibility and extent of the resection do not depend exclusively on the surgical technique, but also on the degree of tumor involvement and invasion of the cerebral parenchyma. Thus, the presentation of patients is essential to define their prognosis.
Our review suggests that the total resection of the tumor is beneficial to the overall postoperative survival of the patient when compared to the partial resection or biopsy. The life expectancy of patients who underwent partial resection and biopsy was relatively short (7.52 months and 2.56 months, respectively).
Other potentially desirable results for analysis in this review could not be evaluated since they often were not been described in the primary studies. It is worth noting that it would be interesting to assess the neurological status before and after the interventions. These could be related to survival and, very likely, to the quality of life of the patients treated. In patients with severe impairment of cognitive functions, life expectancy is not the best element to be assessed. Even so, these data were not reported in many studies, which makes it difficult to interpret them.
Another limitation of this study is the fact that patients undergoing neurosurgical therapy are subjected to different treatment plans with various regimens of chemotherapy and radiotherapy during the follow-up, making it impossible to compare the therapies.
The complication rates of the studies assessed ranged from 19% to 25% 2. 6 . These data should be taken into consideration when surgery is recommended for elderly patients with GBM.
Other models for global analysis that compare the risk rates and the survival curves per treatment regimen have been used as a model for combined analyzes. All studies identified were non-comparative, missing, therefore, comparisons between the treatments. In addition to these limitations, the wide variation of chemotherapy and radiotherapy regimens associated to surgery that have been described in the literature may have a potential bias in the evaluation of the effect of surgery GBM treatment in elderly patients.
Practical aspects of management perhaps are more important in elderly patients as pre-morbid capabilities, such as mobility, communication, memory, and other intellectual functions. Tumor resection would be beneficial for survival if these functions could be improved with the resection of the tumor. However, these data are not described in the literature.
A total and safe surgical resection is suggested as the ideal treatment for the GBM. The value of this recommendation for the elderly population was not clear until the present moment. Now, our study has shown a benefit in overall survival (OS) associated with the total resection of the tumor in older individuals, even though the rate of postoperative complications was substantial in some series.
Research implications
New prospective studies should be performed to confirm the results found in this review. Specific evaluations in eloquent areas and deep tumors should be performed.
Practical implications
Similarly to the current recommendation for adults younger than 60-year-old with GBM, the total resection of the tumor should be the therapeutic goal in patients over 60 years olwwd in whom the resection is feasible, provided the clinical conditions allow.
RECOMMENDATION
Considering that (1) all the studies included in this review were case series (very low quality evidence), (2) GBM is a fatal disease with a poor prognosis, (3) the total macroscopic removal of the tumor has been associated with greater longevity than its partial removal or biopsy, (4) no alternative treatment other than surgery is available at the moment, and (5) the morbidity associated with surgery is relatively high, surgery is recommended to increase the overall survival in elderly patients with GBM and a condition compatible with low pre-operative morbidity (low to moderate strength of recommendation).
ANNEX I
Clinical question
What is the impact of the surgical resection extent in the survival of elderly patients with glioblastoma?
Eligibility criteria • Types of study: According to the hierarchy of evidence, our initial goal was to include randomized studies and, in their absence, comparative controlled studies or cohort studies describing the outcome of surgery in the target population (elderly patients with GBM). • Types of participants/patients: Elderly individuals aged over 65 years. The review included only studies with that treated new GBM, while studies on recurrent GBM were excluded. • Types of intervention: Our objective was to evaluate the (neuro)surgical treatment outcome. The results were described and compared according to the degree of resection, as total or partial resection or biopsy. • Types of outcome measures: We evaluated the clinical outcome, neurological status, quality of life, survival, and disease-free survival. The evaluation also included the complications reported. 
Search for papers
Data collection
We determined the year 2005 as the initial year of publication of articles for this study since this was the year when the Protocol Stupp, which is currently used as a guide for high-grade glioma therapy, was established. We identified a total of 1,960 titles between January 2005 and April 2018.
The search strategy was outlined by five authors, and the selection of the articles was performed by two independent authors. Disagreements were resolved by discussion between the authors.
Critical evaluation
Relevance -clinical importance
This guideline was prepared by means of a clinically relevant question in order to gather information in medicine to standardize approaches and assist in decision-making.
Methodological Analysis
The methodological quality of the studies included in the analysis was assessed using a validated and revised version of the Minors tool (Methodological Index for Non-Randomized Studies). The items assessed were the following:
1. A clear of the study, established a priori. The objective of the research should be relevant and accurate in light of the literature available.
2. Consecutive inclusion of patients in the study.
All patients who met the inclusion criteria should be included in the study during the period of evaluation (without exclusions, or the reasons for exclusions of patients recruited must be detailed in the article). 3. Prospective data collection: implies that data must be collected in accordance with a protocol established before the beginning of the study. 4 . Appropriate endpoints to the objective of the study. Clear explanation (without ambiguity) of the criteria used to assess the main outcome, in accordance with the objective of the study. The results should be assessed on an intention-to-treat analysis.
5. Unbiased assessment of the study endpoints: Independent assessment (blind) of the endpoints or double-blind assessment of subjective results. The reasons for unblinded assessments must be declared.
6. Appropriate follow-up period to the objectives of the study. The studies should have a sufficient period of follow-up for the proper evaluation of the outcomes and adverse events.
7. Loss of follow-up not exceeding 5% of the sample treated. All patients must be included in the assessment.
8. Prospective calculation of sample size included in the study. Difference information to detect and calculate the 95% confidence intervals(ICs), in accordance with the expected incidence of endpoints and information on the level of statistical significance and power estimation in the comparison of outcomes.
The evaluation of the methodological quality of the studies is described in Table 1 . The quality of the evidence was evaluated according to the Grading of Recommendations, Assessment, Development, and Evaluations (Grade) 14 . Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons, outcomes, and study design (PICOS).
4-8
METHODS
Protocol and registration 5
Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide registration information including registration number.
Not applicable to this study
Eligibility criteria 6 Specify study characteristics (e.g., PICOS, length of follow_up) and report characteristics (e.g., years considered, language, publication status) used as criteria for eligibility, giving a rationale. Table 1 Information sources 7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify additional studies) in the search and date last searched 4-8 and Table 1 Search 8 Present full electronic search strategy for at least one database, including any limits used, such that it could be repeated.
4-8 and
5
Study selection 9 State the process for selecting studies (i.e., screening, eligibility, included in the systematic review, and, if applicable, included in the meta_analysis).
4-5
Data collection process 10 Describe the method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes for obtaining and confirming data from investigators 4-5
Data items 11
List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and simplifications made.
4-5
Risk of bias in individual studies
12
Describe methods used for assessing the risk of bias of individual studies (including specification of whether this was done at the study or outcome level), and how this information is to be used in any data synthesis. 
Statistical analysis
Data are presented as descriptive statistics using summary measures (mean, standard deviation, median, minimum, and maximum). The standard deviations were calculated using the confidence intervals (CI). All tests were performed with a significance level of 5%. The analyses were carried out using a 2006 version of the Comprehensive Meta-Analysis (CMA) software (Statplus, Englewood, NJ, USA).
RESULTS
From the titles retrieved in the search, 75 articles were identified that addressed the treatment of GBM specifically in elderly patients. After an individual analysis of 75 Abstracts, 26 articles were selected on the neurosurgical treatment of elderly patients with GBM. In seven of these studies, we obtained results of the surgical treatment of GBM in elderly patients with total and partial resection and only four studies with biopsy, all of them with a retrospective cohort design.
The data were tabulated and analyzed ( Table 2) . The results obtained from the search strategy are described in the Prisma flowchart (Figure 4) .
The seven studies included in the analysis had a retrospective design and included elderly patients who underwent surgery due to GBM. The objective of each Section/Topic # Checklist item Reported on page #
Study selection 17
Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at each stage, ideally with a flow diagram 6 and flow diagram
Study characteristics 18
For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and provide the citations. 
11-14
Limitations 25 Discuss limitations at study and outcome level (e.g., risk of bias), and at reviewlevel (e.g., incomplete retrieval of identified research, reporting bias).
12
Conclusions 26
Provide a general interpretation of the results in the context of other evidence, and implications for future research.
12-14
FUNDING
Funding 27 Describe sources of funding for the systematic review and other support (e.g., supply of data); the role of funders for the systematic review. The studies were excluded because they did not address the neurosurgical treatment of elderly patients with glioblastoma. (n = 39) study was clearly established a priori. All studies included convenience samples, evaluated the entire sample treated as defined in the protocol and followed-up all patients until the outcome. All studies have had small losses of follow-up and followed-up the patients for sufficient time for the primary evaluated outcome (time of survival), which was the same in all studies. Therefore, the final analysis was not distorted. Since there was no variable for comparison, with the exception of different chemotherapy or radiotherapy regimens (which was not the objective of our study), all studies were considered non-comparative series of cases, with no variables for comparison. Considering the quality limit established by the Minors scale, which assigns 12 points to studies of good quality (non-comparative), we considered that the designs of all the studies had a good methodological quality.
IDENT
Application of evidence -Recommendation
The recommendations were designed by the re-view authors with the initial characteristic of the synthesis of evidence and were submitted to validation by all authors who participated in the creation of the guidelines.
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The Guidelines Project, an initiative of the Brazilian Medical Association in partnership with the Specialty Societies, aims to reconcile medical information in order to standardize approaches that can aid the physician's reasoning and decision-making process. The information contained in this project must be submitted to the evaluation and criticism of the physician, responsible for the conduct to be followed, given the reality and clinical condition of each patient.
